Abstract. The present study investigated the prognostic significance of Wnt family member 5a (Wnt5a) and receptor tyrosine kinase-like orphan receptor 2 (Ror2) expression in laryngeal squamous cell carcinoma (LSCC). The protein expression levels of Wnt5a and Ror2 were analyzed in specimens from 137 patients with LSCC, using immunohistochemical staining of tissue microarrays and pairs of LSCC and adjacent tissue samples, and examined the associations between the two markers and various clinicopathological parameters. The Wnt5a and Ror2 expression levels were significantly higher in LSCC tissues than in normal tissue samples (Wnt5a, P=0.015; Ror2, P= 0.039), and were significantly associated with high tumor stage (P<0.001), lymph node metastasis (Wnt5a, P=0.029; Ror2, P=0.018), and with each other (P=0.002). Patients with LSCC with high Wnt5a or Ror2 expression had poorer prognosis compared with those with low Wnt5a (P=0.022) or Ror2 (P=0.038) expression. Thus, Wnt5a and Ror2 may affect LSCC development, and are potential biomarkers in LSCC.
Introduction
Laryngeal squamous cell carcinoma (LSCC) is a common type of head and neck malignancy, and is also the second most common malignancy of the respiratory tract (1, 2) . The prognosis of LSCC is associated with the primary site, clinical stage, pathological differentiation and lymph node metastasis (3) .
Despite advancements in the available treatments for LSCC, its survival rate has not improved significantly. Therefore, the identification of cancer-associated biomarkers is warranted to diagnose LSCC and improve its prognosis.
Wnt proteins, a large family of cysteine-rich, secreted molecules, function by activating various intracellular signaling pathways (4) . Wnt interactions are classified as belonging to the canonical or non-canonical pathways (5, 6) . The canonical pathway is β-catenin-dependent (4) , whereas the non-canonical pathway is β-catenin-independent, and includes planar cell polarity (PCP) and Wnt/Ca 2+ signaling pathways (5) . Mutations of the canonical Wnt signaling pathway have been demonstrated to be associated with head and neck carcinogenesis, particularly in oral cancer (7) . However, the role of the Wnt signaling pathway specifically in LSCC remains unclear.
Wnt family member 5a (Wnt5a) is a Wnt ligand that affects almost all aspects of the non-canonical pathway (8) (9) (10) . Wnt5a has an important role in the progression of malignancies; for example, in head and neck squamous cell carcinoma (HNSCC), it has been reported that Wnt5a is highly expressed and may act as a tumor promoter (11, 12) . However, its role varies in different types of cancer, and its function is significantly altered by its receptors (13) (14) (15) . Receptor tyrosine kinase-like orphan receptor 2 (Ror2) mediates the Wnt5a-dependent non-canonical pathway, and is required for Wnt5a-mediated inhibition of the canonical pathway (16, 17) .
Ror2, an orphan tyrosine kinase, is characterized by intracellular tyrosine kinase domains (related to those of the Trk-family receptor tyrosine kinases), extracellular Frizzled (Fz)-like cysteine-rich domains (CRD), and membrane-proximal Kringle domains (18, 19) . Ror2 affects diverse cellular processes, including the cell cycle, cell proliferation, differentiation and migration (18) . As the receptor for Wnt5a, Ror2 mediates the PCP pathway and inhibits the β-catenin/T-cell factor (TCF) pathway (16) . Ror2 is reportedly overexpressed in renal cell carcinoma, squamous cell carcinoma and metastatic melanoma (20) (21) (22) , but downregulated in hepatocellular carcinoma, medulloblastoma, and colon cancer (23) (24) (25) . Accordingly, as with Wnt5a, the functions of Ror2 vary depending on the cancer type and signaling pathway.
To the best of our knowledge, the roles of Wnt5a/Ror2 in the non-canonical pathway in LSCC have not been previously investigated. Thus in the present study, the expression and clinical significance of Wnt5a and Ror2 were investigated in LSCC. 
Materials and methods

Patient
Tissue microarray (TM A).
In the cur rent study, 137 for malin-fixed pa raffin-embedded LSCC and 28 tumor-adjacent normal tissue samples were prepared as TMAs, which were generated using a manual Tissue Microarrayer Quick-Ray system (UT06; Unitma Co., Ltd., Seoul, Korea). A total of three TMAs were produced, whereby 4-µm sections were cut and placed on Superfrost charged glass microscope slides.
Immunohistochemistry (IHC).
The TMA slides for IHC were deparaffinized and rehydrated through an alcohol gradient. Endogenous peroxidase activity was blocked through incubation of slides in 3% H 2 O 2 at room temperature for 15 min. Antigen retrieval was performed by incubation with citrate buffer (pH 6.0) at 95˚C for 15 min. Wnt5a expression was detected using a mouse monoclonal anti-human Wnt5a primary antibody (dilution, 1:200; cat no. ab110073; Abcam, Cambridge, UK), and Ror2 was detected using a rabbit polyclonal anti-human Ror2 primary antibody (dilution, 1:100; cat no. LS-C99125; Lifespan BioSciences, Inc., Seattle, WA, USA), which were incubated at 4˚C overnight. Then reactions were detected with EnVision™ + Peroxidase kit (no. K165212F; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) at room temperature for 30 min. Sections were stained with 3,3'-diaminobenzidine (Dako; Agilent Technologies, Inc.), counterstained with hematoxylin, dehydrated through an alcohol gradient, cleared with xylene and cover-slipped with permanent mounting media using a previously described protocol (27, 28) .
Results were determined using a double-blind method by two investigators. The results were reevaluated by a third investigator when disagreement between the primary two investigators occurred, until a consensus was established. Expression levels of Wnt5a and Ror2 were assessed by observing the incidence and staining intensity of IHC-stained cells. The intensity of staining was scored as follows: 0, no staining; 1, weak positive; 2, moderate positive; and 3, strong positive. The final staining score was estimated by multiplying the staining intensity score by the staining area percentage, producing a score in the range of 0 (no staining) to 300 (100% of cells with strong staining), following a previously described method (29) .
Statistical analysis. For statistical analysis, continuous Wnt5a and Ror2 expression data from LSCC were first converted into dichotomized data (low vs. high) using specific cutoff values, which were assessed with regard to their ability to predict overall survival (OS) using the X-tile software program (Rimm Lab, Yale University, New Haven, CT, USA; http://www.tissuearray.org/rimmlab) (29) (30) (31) . Using the X-tile software program for TMA data analysis (http://www. tissuearray.org/rimmlab), we first identified significant cutoff point in terms of OS in LSCC. For Wnt5a, the cutoff 180 was selected: Score 0-180 was considered low expression, while 180-300 was considered high expression. For Ror2, the cutoff point 192 was selected: Score 0-192 was considered low expression, while 192-300 was considered high expression. For all subsequent analyses, Wnt5a and Ror2 protein expression levels were considered either as 'low' or 'high' using these cutoff values.
Statistical analysis was performed using SPSS software (version 20.0; IBM Corp., Armonk, NY, USA). Pearson's χ 2 test was used to analyze differences in Wnt5a and Ror2 expression in LSCC and adjacent normal tissue samples, and the correlations between the two markers and clinicopathological parameters. Survival curves were calculated using the Kaplan-Meier estimator method and the log-rank test was used for statistical analysis. Univariate and multivariate analyses were performed using Cox's regressions models. P<0.05 was considered to indicate a statistically significant difference.
Results
Wnt5a and Ror2 expression in LSCC tissue. Wnt5a and Ror2 protein were localized in the cytoplasm (Fig. 1) . The frequencies of high Wnt5a expression (P=0.015) and high Ror2 expression (P=0.039) were significantly higher in LSCC tissues compared with those in tumor-adjacent normal tissue samples (Table I) (Table III) . The Kaplan-Meier analyses revealed that patients in the high Wnt5a expression group (Wnt5a + ) had significantly poorer prognosis compared with those in the low-expression group (Wnt5a; P=0.020; Fig. 2A Fig. 2C ).
Discussion
To the best of our knowledge, the present study is the first to investigate Wnt5a and Ror2 protein expression and their prognostic value in LSCC. The results demonstrated that Wnt5a and Ror2 protein expression levels are significantly higher in LSCC compared with in adjacent normal tissue samples. High Table I . Wnt5a and Ror2 expression in LSCC and tumor-adjacent normal tissue samples. ----------------------------------------------------------------------- ------------------------------------------------------------------------ Wnt5a and Ror2 protein expression levels were associated with high TNM stage and lymph node metastasis. Furthermore, a positive correlation was identified between Wnt5a and Ror2 expression. Univariate and multivariate analyses revealed that high Wnt5a and Ror2 expression were significantly associated with poor OS.
-----------------------------------------------------------------------------------------------------------------------------------------------------
Wnt5a, a member of Wnt family, is located at the chromosomal site 3p14.2-p21.1, which was revealed by Clark et al (32) . Wnt5a interacts with G-proteins to activate the non-canonical Wnt/Ca 2+ pathway. This signaling pathway can activate or inhibit the canonical Wnt/β-catenin pathway, depending on the interaction of Wnt5a with various receptors. For example, when Wnt5a interacts with Ror2, the Wnt/β-catenin pathway is inhibited. Conversely, when Wnt5a combines with Fz or low-density lipoprotein receptor-related protein, the Wnt/β-catenin pathway is activated (33) . Wnt5a affects cell proliferation, migration, invasion and angiogenesis, and is also involved in the genesis and development of various types of carcinoma through its combination with different receptors (34, 35) . In the present study, Wnt5a protein expression was identified to be significantly higher in LSCC compared with in adjacent normal tissue samples. Thus, Wnt5a may act as a tumor promoter for LSCC. Similar results have been observed in non-small cell lung carcinoma, metastatic melanoma and gastric cancer (15, 36, 37) . Furthermore, the current study investigated the associations of Wnt5a and Ror2 protein expression with OS in 137 patients with LSCC. High Wnt5a expression was significantly associated with poor OS on univariate and multivariate analyses, indicating that Wnt5a is an independent prognostic factor, and may be a tumor Table III . Univariate and multivariate analyses of prognostic factors for overall survival in LSCC.
Univariate analysis
Multivariate analysis promoter in LSCC. However, previous studies have indicated that Wnt5a is a tumor suppressor in certain types of cancer, including hepatocellular carcinoma, thyroid carcinoma and colon carcinoma (23, 38, 39) . These findings suggest that the Wnt5a-regulated pathways and the functional role of Wnt5a depend on the cancer cell type.
Ror2 is an orphan tyrosine kinase, belonging to the Ror family and acts as a receptor for Wnt5a (40) . The biological function of Ror requires its presence in the cell membrane; however, in the present study, Wnt5a and Ror2 protein were localized in the cytoplasm. Since Ror2 possesses an extracellular CRD that resembles the Wnt-binding sites of the Fz proteins (41, 42) , it may be assumed that Wnt5a binds to the CRD of Ror2. This hypothesis was confirmed in a study performed by Oishi et al (40) , which also demonstrated that Ror2 associated with receptor Fz2, a putative receptor for Wnt5a, via its CRD (43) . Ror2 is expressed in the face, limbs, heart and lungs during mouse embryogenesis (44) . Mice that lack Ror2 expression exhibit facial abnormalities, dwarfism, short limbs and tails, dysplasia of lungs and genitals, abnormalities in axial skeletons, and ventricular septal defects, resulting in neonatal mortality (45, 46) . Mutations of Ror2 that result in misfolded protein or premature truncation have been associated with human diseases, including dominant Brachydactyly type B, a dominant skeletal disorder characterized by hypoplasia or aplasia of distal phalanges (47, 48) ; and Robinow syndrome, a recessive condition characterized by short stature, segmental defects of the spine, limb bone shortening, and a dysmorphic facial appearance (49) . Thus, Ror2 is essential in embryogenesis. Together, Wnt5a/Ror2 have been revealed to mediate the non-canonical Wnt signal pathway and simultaneously suppress Wnt/β-catenin activity. In addition, it has been demonstrated that the Ror2 receptor requires tyrosine kinase activity to mediate the Wnt5a signal pathway (16, 50) . In the current study, Ror2 protein was highly expressed in LSCC tissue samples. Furthermore, following univariate and multivariate analyses, high Ror2 expression was significantly associated with poor OS, which demonstrated that Ror2 was also an independent prognostic factor, and a possible tumor promoter in LSCC. These results were consistent with previous studies (20) (21) (22) ; however, other studies have demonstrated that Ror2 expression is reduced in hepatocellular carcinoma, medulloblastoma and colon cancer (23) (24) (25) . Thus, Ror2 may serve different roles in different cancer types, as with Wnt5a.
Wnt5a and Ror2 are important in developmental morphogenesis, particularly in skeletal development (51, 52) . Notably, Ror2
-/-and Wnt5a -/-mice exhibit similar defect phenotypes (40) . Previous studies have demonstrated that Brachydactyly type B and Robinow syndrome are associated with the non-canonical Wnt5a/Ror2 signaling pathway (53) . The current study identified a positive correlation between Wnt5a and Ror2 expression and, these results suggested that Wnt5a and Ror2 may be associated with the development of LSCC.
In conclusion, the overexpression of Wnt5a and Ror2 was detected in LSCC tissue samples, and was significantly associated with tumor stage, lymph node metastasis and poor prognosis of LSCC. These findings provide a novel insight into the mechanisms underlying tumorigenesis and have identified two potential therapeutic targets for LSCC.
